Most methods of estimating the concentration of bilirubin in serum are based on the van den Bergh reaction in which bilirubin couples with diazotized sulphanilic acid to give red " azobilirubin," the reaction being facilitated by the addition of an activator or catalyst such as ethanol. The many modifications of this reaction can be classified into two groups: (a) those in which ethanol is used as the catalyst, with consequent precipitation of the serum proteins, and (b) those in which some substance, other than ethanol, acts as the catalyst and protein precipitation is avoided. Precipitation methods, such as those described by McNee and Keefer (1925) , Haslewood and King (1937) , and King and Coxon (1950) , suffer from the disadvantage that some " azobilirubin " is lost on the protein precipitate; and further, the volume of coloured supernatant fluid or filtrate is unknown and varies from test to test. Consequently such methods cannot give really accurate results.
Non-precipitation methods include those published by Jendrassik and Cleghorn (1936) modified by Jendrassik and Grof (1938) , Malloy and Evelyn (1937) , Rappaport and Eichhorn (1943) , Powell (1944) , and Patterson, Swale, and Maggs (1952 With strongly jaundiced sera (above 6 mg. per 100 ml.) the test solution is diluted without delay after coupling with a mixture containing 10 vol. caffeine-buffer solution and 1 vol. diazo reagent. This diluted solution is allowed to stand for 15 minutes before measuring its optical density.
If only 1 ml. (or less) of serum is available sufficient caffeine-buffer mixture is added to make a total volumne of 6 ml., the optical density of this mixture is measured, and then 0.5 ml. diazo reagent is added and the density measured again. This method suffers from the disadvantage that it gives no measure of the direct van den Bergh reaction.
Three or four preparations of standard azobilirubin should be made from the solid bilirubin, and the I V/ average value of the factor S-S K determined;
S SB 5 this value is then used for calculating all serum deterr. inations.
In order to check the photometer some stable standard red solution should be measured each time a sarun bil:rubin level is determined. The azobilirubin standard can be used for this purpose, but its density very gradually increases. An alternative and more permanent standard which may be used is the methyl red solution prepared according to the method of King and Coxon (1950) , although the colour density of this solution is much less than that of the azobilirubin standard and its tint less blue than the latter.
Results
After this method had been chosen it was necessary to determine (1) the purity of samples of bilirubin commercially available, and (2) (Fig. 1) was made by plotting the optical density of azobilirubin solutions, prepared from a series of dilutions of a 20 mg. per 100 ml. bilirubin standard against the concentration of bilirubin expressed in mgm. per 100 ml. The graph was practically a straight line between 2 mg. and 20 mg. bilirubin per 100 ml. Further experiments showed that even up to concentrations of 40 mg. per 100 ml. the departure from the straight line was only slight.
Recovery Experiments.-The addition of alka- Discussion During our search for a good bilirubin standard we carried out many preliminary experiments with a view to determining the conditions governing satisfactory coupling of bilirubin with diazotized sulphanilic acid.
It was found desirable to have a buffer present in order to regulate the rate of coupling. The reaction proceeds only slowly in strongly acid solution, but is very rapid in neutral or alkaline solution. Further, the colour of the azobilirubin formed varies with reaction, being violet in the presence of mineral acid, the usual red or pink at pH 4-7, and greenish blue in alkaline solution. In the case of the ordinary van den Bergh test the serum itself is a sufficient buffer to reduce the acidity of the diazo solution to the useful pH range.
The stability of the azobilirubin formed is dependent on the reaction of the medium (it decomposes rapidly in alkaline solution) and on the presence of other substances, e.g., caffeine, in the solution. In fact caffeine appears both to facilitate coupling and to stabilize the product. 1-2 1*2 1-6 1*7 1-9 2-0 1*7 3-3 3 0 3-3 2-5 3-8 4-2 7-5 8-5
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It is desirable that any method of estimation of bilirubin should be capable of being standardized against pure bilirubin and, further, the substances and conditions used for effecting the reaction in the case of the test serum and in the case of the standard should be, as nearly as possible, the same. Comparison of the hue and intensity of a solution of azobilirubin obtained using an alcohol catalyst with one of equal strength obtained by the present method showed that the latter had a slightly bluer tint than the former, and its optical density, using a green light filter, was 4% less than the former. It is therefore undesirable to use caffeine as a catalyst for the test serum and alcohol for the bilirubin standard.
The only common solvent in which bilirubin is freely soluble and gives a stable solution is chloroform. Consequently a chloroform solution has been used by most workers as the starting point for preparing azobilirubin standards. However, since the coupling reaction takes place in aqueous or aqueous alcoholic solution, it is necessary to find a means of getting the bilirubin from the chloroform into a water miscible solution. There are two simple methods that can be used for this purpose: (1) dilution of the chloroform solution with a considerable quantity of alcohol to give an " alcohol-chloroform solution of bilirubin," and (2) evaporation of a small quantity of chloroform solution and redissolving the bilirubin in dilute alkali, e.g., sodium carbonate solution. Experiments were carried out with these two solutions, both of which are unstable, particularly the alkaline one, to see if either is suitable as a standard for bilirubin determination. It was found that although the alcohol diluted solution is a suitable standard for methods in which alcohol is used as a catalyst, it is not satisfactory for methods employing caffeine as catalyst, and, in fact, an alkaline solution seemed essential for the present technique. The method of evaporating a small quantity of chloroform solution to dryness and redissolving it in alkali, tried initially, was not satisfactory because a small loss of bilirubin occurred during evaporation. Consequently the chloroform solution was abandoned, and solid bilirubin weighed out each time a standard was made. After considerable experiment a satisfactory method of preparing the bilirubin and azobilirubin solutions was devised.
In order to obtain complete and rapid coupling it is necessary to ensure that the bilirubin stays in solution after it has been added to the reaction mixture. If any bilirubin is allowed to precipitate out before the diazo solution is added it will not react and coupling is incomplete. In order to minimize the chance of bilirubin separating out during the preparation of the azobilirubin standard for our proposed technique the reagents were mixed in the following manner.. The diazo solution was added to the caffeine buffer solution, and then the bilirubin solution was added to the mixture.
It would be much too laborious and too expensive to prepare an azobilirubin standard each time a determination is made. Fortunately it was found that the standard gives a nearly constant reading, and the calibration curve (Fig. 1) The method which we have described is suitable for routine laboratory use as it is rapid and simple to perform, and no unusual or corrosive reagents are required. The method can be carried out satisfactorily on slightly haemolysed specimens of serum. Another advantage of the technique is that with strongly jaundiced sera the extra dilution is made after the addition of the diazo solution. In some methods involving protein precipitation it is necessary to dilute the serum with buffer before adding the diazo solution, and considerable experience is required in assessing the degree of preliminary dilution necessary to obtain a satisfactory result when using these methods.
We are not aware of any serious disadvantage in the method we present. The most difficult part of the estimation seems to be the preparation of azobilirubin standards of consistent optical density; we found that variations of up to ± 3% from the mean may occur.
The main criticism of caffeine catalysed methods in general is the fact that the final solution sometimes clouds, perhaps due to separation of benzoic acid derived from the catalyst solution. In our method benzoic acid never separated, and the final solutions were nearly always satisfactorily clear. On rare occasions the final solution has a very slight milkiness, possibly due to a globulin or lipoid component in the serum. In the three cases so far encountered the milkiness appeared to be present to an equal extent in the test and blank solutions, and there was no discrepancy between the results obtained by this method and the method of King and Coxon. Summary A simple and rapid method for the estimation of bilirubin in serum is described. The method is suitable for routine use in laboratories using photoelectric colorimeters. A number of observations are made on the conditions necessary for satisfactory reaction between bilirubin solutions and diazotized sulphanilic acid.
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